We investigated the effect of combining organic and inorganic fertilizers on the growth and yield of hybrid rice (Palethwe-1) in the dry and wet seasons of 2015. Four quantities of inorganic fertilizer were used in the main plot [0%, 50%, 75%, and 100% nitrogen, phosphorus, and potassium (NPK)] based on the recommended amounts of 150 kg N ha ] as part of a split-plot experimental design with three replicates. In both seasons, significant differences in growth parameters including number of tillers hill −1 , soil-plant analysis development (SPAD) values, total dry matter, yield, and yield components were observed in plants supplied with different inorganic fertilizers. The 100% NPK (I 100 ) fertilizer produced the maximum yield but similar yields were achieved in plots supplied with 50% NPK (I 50 ) and 75% NPK (I 75 ). Significant differences in growth and yield parameters were also found in crops supplied with organic manures. Although identical quantities were supplied, O p produced the best growth parameters in both seasons including total dry matter, yield, and yield components. O c also performed well. Combining inorganic and organic fertilizers demonstrated that I 50 together with O p (5 t·ha −1 ) provided similar growth, total dry matter, and yield parameters to I 100 in both seasons. O c (5 t·ha −1 ) plus I 75 also achieved similar yields to I 100 . This study demonstrates that the combined application of inorganic fertilizers and organic manures has the potential to reduce chemical fertilizer usage without decreasing the yield of hybrid rice, and can enhance the growth, yield, and yield components of Palethwe-1.
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Introduction
Rice is a staple food in Asia where approximately 92% of the world's rice is produced and consumed [1] . It constitutes a significant part of the overall diet for the 53.9 million people of Myanmar and is harvested from 8 million hectares of farmland annually [2] .
Recent concerns over food security have resulted in the global adoption of hybrid rice as an alternative to purebred varieties. Hybrid rice is any genealogy of rice produced by crossbreeding different kinds of rice. It typically displays heterosis (hybrid vigor) and when grown under the same conditions as high-yield inbred rice varieties can produce a yield that is up to 30% greater [3] . High-yield crops that include hybrid rice are an important tool in combating world food shortages. In China, approximately half of the total 30 million hectares used for growing rice contains hybrid rice and this produces 103.5 million tons (17% of the world's paddy rice production), which is 22.5 million tons of extra paddy every year. This extra production conserves approximately 6 million hectares of land and consequently hybrid rice not only contributes to food security but also plays an important part in protection of the global environment [4] .
Myanmar has been developing hybrid rice since 1997 and has made the varieties developed available for domestic consumption [5] . Growing hybrid rice is complex because its agronomic management differs considerably from that of conventional inbred rice varieties in many respects [6] . For example, although the life cycles of hybrid and inbred rice are similar, hybrid rice is more vigorous during its vegetative phase and in particular at the seedling stage. It was recently demonstrated that the increase in yield per unit of nitrogen (N) supplied decreased as the quantity of mineral N fertilizer applied increased. In addition, excessive use of chemical fertilizers in agriculture has led to a variety of environmental problems and in the future, fertilizers will be a major source of heavy metals and radionuclides accumulating as inorganic pollutants in plants [7] . In Myanmar's central dry zone, farmers have tried to maximize their profits by adopting optimal management practices that include improving the indigenous soil N content and applying the minimal amount of fertilizer possible without reducing yield. Another potential improvement is the use of organic manures in combination with mineral fertilizers [8] [9] . In the dry zone, cow manure (O c ) is readily available for hybrid rice cultivation. Bhuiyan [10] [13] . O v are the nutrient-rich, microbiologically-active organic residues derived from the degradation of organic waste by earthworms and microorganisms. They consist of a stable, fine peat-like material with a low C:N ratio which is highly porous. They also have a high capacity for water retention and contain most nutrients in forms that can be readily absorbed by plants [14] . The capacity for recycling organic residues has become an increasingly important aspect of environmental safety and sustainable agriculture.
Organic methods of agricultural production have become increasingly popular to reflect consumer demand. Organic matter can provide a continuous and steady source of N for growing plants. However, while it is N that is most likely to limit growth in irrigated rice systems, P (phosphorus) and K (potassium) deficiencies can also reduce rice yield. As a result, there is increasing interest in the potential use of livestock waste in agricultural soils because this would enable organic matter, N, P, and K to be recycled. A major advantage of using organic waste from farms as fertilizer is that some of the most critical nutritional elements can be provided at little cost. By contrast, the application of chemical fertilizers is costly and may exacerbate environmental problems. Therefore, utilization of organic manures may enhance efficient nutrient use in rice and reduce the need for chemical fertilizers. As a result, a judicious combination of organic and inorganic nutrient sources can promote sustainable agriculture and ensure high quality food production [15] .
Combining organic manures and chemical fertilizers has the potential to provide greater stability in crop production, maintain improvements in soil fertility, and enhance the efficiency of growth and yield generation in hybrid rice (Palethwe-1). Therefore, understanding how combining different quantities or ratios of organic manures and inorganic fertilizers affects the dry matter, growth, and yield of hybrid rice (Palethwe-1) is extremely valuable.
Materials and Methods

Experimental Site
Two field experiments were conducted in a farm at the Department of Agron- the growth and yield attributes of hybrid rice (Palethwe-1).
Experimental Design and Treatments
This study was performed using a split-plot experimental design and three rep- 
Soil Sampling and Analysis
Before performing the field experiments, initial soil samples were collected using a soil sampling tube (5 cm in diameter) from eight locations in the experimental field at depths of 0 to 15 cm. These soil samples were air dried at room temperature, crushed by hand, and passed through a 2-mm mesh sieve. The air dried soil samples were then analyzed to establish their physical and chemical properties.
The hydrated soil pH (1:5, soil:water) in mass ratio was measured with an F-51 pH meter (Horiba Ltd., Kyoto, Japan) using the 4A1-1:5 soil water suspension method [16] . The available soil N (mg•kg
) was extracted using the alkaline permanganate method [17] . Available P (mg•kg ) was measured using the 1 N ammonium acetate extraction method [19] and analyzed using an AA-6200 atomic absorption flame emission spectrophotometer (Shimadzu Corp., Kyoto, Japan). Organic matter (%) was measured using Tyurin's method [20] . Cation exchange capacity (CEC) was determined using the Leaching method [21] . All soil samples were analyzed at the Department of Agricultural Research (DAR)
Yezin, Nay Pyi Taw.
Organic Manure Analyses
The nutrient contents of O c , O p , and O v were measured using a temperature controlled oven and analyzed gravimetrically [22] . The total N content was analyzed by Kjeldahl's method [23] and measured using Kjeldahl's digestion method and a Vapodest 20 s distillation unit (Gerhardt, Apparate GmbH & Co. KG, Germany). The total P was determined using the vanado-molybdate phosphoric acid method [24] and a 6305 UV-VIS spectrophotometer (Jenway, Stone, UK). The total K was analyzed by the wet digestion method of Stevenson and de Langen
[25] using a novAA 400 atomic absorption spectrophotometer (Analytik Jena AG, Jena, Germany). Total S was determined using the turbidimetric method [26] and a 6305 UV-VIS spectrophotometer (Jenway). Organic carbon was measured by the loss on ignition method [27] using a temperature controlled oven and a muffle furnace. The chemical composition of organic manures (Table 1) was also analyzed at the DAR.
Crop Management
Hybrid 
Plant Growth Characteristics
Five hills from each plot were used to determine plant height (cm), number of tillers hill −1
, and soil-plant analysis development (SPAD) values. These plant growth characteristics were measured at two-week intervals from 10 DAT to 50% flowering. SPAD values were measured using a SPAD-502 chlorophyll meter (Konica Minolta Inc., Osaka, Japan). The uppermost fully expanded leaf was used to measure the SPAD value before the panicle initiation stage and the flag leaf was used thereafter. ).
At harvest time, five hills were used to measure growth characteristics in each plot. These were harvested to determine the total dry matter (t·ha 
Statistical Analysis
The data were summarized and subjected to an analysis of variance (ANOVA).
The mean values of treatments were compared using Tukey's honestly significant difference (HSD) test at a 5% probability level using Statistix software (ver.
8.0; Analytical Software, Tallahassee, FL, USA). 
Results
Soil Analysis
Plant Growth Characteristics
The height of the rice plants was not significantly affected by the different inorganic fertilizer and organic manure treatments throughout either the wet or dry seasons. Rice plants grown using 100% NPK (I 100 ) plus organic manures attained Significant differences in total dry matter accumulation (TDM) were recorded using different inorganic fertilizers throughout both seasons (Table 3 ). In the dry season, the I 100 treatment provided the greatest TDM at the active tillering stage (24 DAT), while the plots with no NPK fertilizer (I 0 ) produced less TDM.
After this developmental stage, differences were observed in the TDM using I 50 treatments, but not between I 75 and I 100 treatments ( Figure 5 ). During the wet season, significant differences in TDM produced by the different inorganic fertilizers were observed only at harvest time. However, the different organic ma- ) in both seasons ( Figure 5 and Figure 6 ).
Harvest Index, Yield, and Yield Parameters
The harvest index (HI) ranged from 0.42 to 0.56 for both inorganic fertilizer and organic manure treatments and there were significant differences among them.
However, similar HI values were measured among I 50 , I 75 , and I 100 treatments throughout both seasons. For the organic manures, the O p treatment produced the highest HI values. These were 0.54 and 0.51 in the dry and wet seasons, respectively. The lowest HI values were recorded for the I 0 O 0 treatment (Table 4 and Table 5 ).
The number of panicles hill −1 was significantly affected by different inorganic fertilizer and organic manure treatments in both seasons. The I 100 plots produced the highest mean panicle number (11.47) and this was similar to that produced In each column, means having a common letter are not significantly different at 5% level by the I 75 plots (11.32) . Fewer panicles were produced by I 50 treatments compared with I 75 and I 100 treatments but fewer still were produced by I 0 treatments.
However, different inorganic fertilizer levels had no significant effect on the length of panicle, except I 0 (control) ( Table 4) . Similar results were recorded for inorganic fertilizer treatments during the wet season (Table 5) (Table 4 and Table 5 ).
The different inorganic fertilizer treatments produced significant differences in the percentage of filled grains. The highest filled grain percentage was produced by I 100 treatments during the dry (91.62%) and wet (81.04%) seasons.
Similar values were produced by I 50 and I 75 treatments, with the I 0 treatment producing the lowest filled grain percentages in both seasons (Table 4 and Table   5 ). The O p treatment produced the highest filled grain percentage in both the dry (Table 4 and Table 5 ).
Thousand grain weight was unaffected by the different inorganic fertilizer treatments in either season. However, the thousand grain weight produced by the I 0 treatment was significantly lower than that produced by I 50 , I 75 , and I 100 treatments. Although the different organic manure treatments did not have a significant effect on thousand grain weight, the O p treatment produced the highest values in both the dry and wet seasons (Table 4 and Table 5 ). Conversely, panicle length was not significantly affected by the different inorganic fertilizer treatments. However, the I 0 treatment produced the shortest panicles in both seasons. Although panicles of similar length were produced by different organic manure treatments, the O p treatment produced slightly longer panicles.
Similar trends were observed during the wet season (Table 5 ).
Significant differences in yield were produced by the different inorganic fertilizers and organic manures in both seasons. The highest yields were produced by the I 100 treatments (9.56 t·ha −1 in the dry and 8.46 t·ha −1 in the wet season) and these were similar to those produced by the I 75 treatments (9.55 t·ha −1 in dry and 8.36 t·ha −1 in the wet season). The I 50 treatment plots produced lower yields but these were still higher than in the I 0 plots. For the organic manures, the O p treatments produced the maximum yields in both the dry (8. , respectively). However, there were no significant differences between these values in the dry season (Figure 7(a) ). Similar observations were made for the wet season (Figure 7(b) ). Organic manures alone (O 0 ) did not produce high yields in either season.
Discussion
Our analysis indicated that the soil used in these experiments was a sandy loam.
Regular rice cultivation meant the soil pH was approximately neutral (pH 6.6). It had a low capacity for cation-exchange (8 cmol/kg) and a low level of organic matter (1.8%). There were moderate amounts of available N (73 mg•kg −1
) and P ). The soil data were evaluated using guidelines published by the Federal Ministry of Agriculture and Natural Resources [29] .
This study was conducted in the central dry zone of Myanmar where sandy loam soils predominate in rice growing areas. The dry zone is characterized by clay, sandy loam, and sandy soils that also contain gravel. Hadden [30] observed that soil types found in the dry zone are not particularly fertile and have low quantities of organic matter. Potassium levels are too low to be ideal for agriculture. N is required for all non-legume crops regardless of soil type. In the dry zone of Myanmar, rice is cultivated as monsoon and summer rice every year and most farmers apply large amounts of inorganic fertilizers. Rice straw is used for animal feed and never returned to the rice field. Crucial soil components are constantly being depleted due to intensive farming and the extensive use of chemical fertilizers with little or no organic manure. The increasing intensity of land use has depleted soil nutrients. The only way to replenish organic matter in the short term is to apply it directly, for example in the form of manure [31] .
The results of this study suggest that the quantities of chemical fertilizers used for hybrid rice cultivation in the dry zone of Myanmar could be significantly reduced and replaced by organic manures.
In this study, the maximum grain yield was produced using I 100 treatments in both seasons. However, combining organic and inorganic fertilizers resulted in the I 50 O p treatment producing a similar yield to that produced by I 100 treatments.
The I 50 O c and I 50 O v treatments also produced high yields. Our analysis demonstrated that O p had a higher nutrient content than either O c or O v . Rajni and Srivastava [32] found that grain yield was significantly increased by combining organic manures and chemical fertilizers. However, the application of organic manures alone did not significantly enhance the yield of hybrid rice in either season. Akter et al. [33] also found that combining manure with chemical fertilizer treatments led to significantly higher yields and yield parameters than using chemical fertilizers alone. Therefore, it is clear that the combined application of organic manures and inorganic fertilizers is highly beneficial for sustainability in crop production [34] . , filled grain (%), and panicle length resulting in the maximum values for both seasons. Babu et al. [35] noted a significant increase in panicle length due to the application of organic manure and chemical fertilizers. However, the number of panicles was not significantly higher than that produced by O c and O v treatments. In general, panicle number is strongly associated with tiller number. Chaturvedi [36] reported that a greater number of tillers, particularly fertile tillers, led to higher yields. At the tillering developmental stage, the maximum tiller number was produced by the I 75 O p treatment. However, a similar number of tillers were produced by I 50 O p and I 100 O p treatments. Eghball et al. [37] , reported that the min- This is consistent with work by Kenchaiah [42] , which demonstrated that O p treatment produced better physical grain characteristics. The combined application of manures and fertilizers also significantly increases the number of filled grains panicle −1 [43] . Thousand grain weight was unaffected by organic and inorganic fertilizer treatment types in either season. Islam et al. [44] reported that the thousand grain weight of rice was not significantly influenced by inorganic fertilizer levels because this depends mainly on genetic factors that are unique to Myint et al. [47] suggested that the main advantage of using organic manures was to provide plants with nutrients that are released slowly throughout the growing season. Of all the manure types tested in this study, O p produced the highest SPAD values at all stages of development resulting in the greatest TDM.
The maximum TDM was produced by the I 100 O P treatment but high TDM values were also obtained using I 50 O P and I 75 O p treatments in both seasons. Chaturvedi [36] reported that dry-matter accumulation in rice increased significantly in response to N-fertilizer application, at all stages of plant development. Treatment with O p was able to supply nutrients throughout the growth period. Treatment using O c and O v was also effective in supporting plant growth. Eghball et al. [37] reported that O p is richer in minerals than O c and O v throughout the first year after it is applied. In general, the SPAD values produced by all treatments gradually increased until 30 DAT before decreasing, and this pattern may be linked to nutrient uptake in rice. SPAD values increased again to a maximum value (50) at approximately 66 DAT (flowering stage) in both seasons. Our results demonstrated that the lower leaf began to senesce and translocated N to the flag leaf, resulting in the flag leaf becoming greener. Turner and Jund [48] [49] also reported that the combined application of organic waste and chemical fertilizer was more effective than using either alone. This result was supported by Belay et al. [50] who demonstrated that treatment with O p combined with inorganic fertilizers enhances nutrient availability and creates suitable conditions for growth by reducing nutrient loss and increasing plant dry weight.
Conclusion
In this study, we demonstrated that the integrated application of organic ma- ). In contrast, O v may be of limited use because of its low nutrient content and availability in Myanmar. Clearly, the combined application of organic manures and inorganic fertilizers can enhance soil N content for cultivating rice and improve both long term productivity [51] and ecological sustainability [52] . A major advantage of using organic wastes is that they can provide a variety of nutrients at low cost. Further studies investigating how different application methods and various types of organic and chemical fertilizers might enhance the growth of new rice varieties should be performed in the future.
